Abstract Although it has been previously reported that patients with inflammatory breast cancer (IBC) experience worse survival than patients with other breast cancer (BC) types, the socioeconomic and ethnic factors leading to this survival difference are not fully understood. The association between county-level percent of persons below the poverty level and BC-specific (BCS) survival for cases diagnosed from 1990 to 2008 in the Surveillance, Epidemiology, and End Results (SEER) database linked to census derived county attributes was examined. A subanalysis of cases from 2000 to 2008 also examined BCS survival by an index combining percent below poverty and less than high school graduates as well as metropolitan versus non-metropolitan county of residence. The KaplanMeier estimator was used to construct survival curves by stage, inflammatory status, and county-level socioeconomic position (SEP). Stage and inflammatory status stratified proportional hazards models, adjusted for age, race/ethnicity, tumor and treatment characteristics were used to determine the hazard of BCS death by county-level SEP. Kaplan-Meier survival curves indicated IBC has worse survival than stage matched non-IBC, (stage III IBC median survival = 4.75 years vs. non-IBC = 13.4 years, p \ 0.0001). Residing in a lower SEP, non-metro county significantly worsens BCS survival for non-IBC in multivariate proportional hazards models. African American cases appear to have worse survival than non-Hispanic Whites regardless of inflammatory status, stage, countylevel SEP, tumor, or treatment characteristics. This is the first study to examine IBC survival by SEP in a nationwide population-based tumor registry. As this analysis found generally poorer survival for IBC, regardless of SEP or race/ethnicity, it is important that interventions that help educate women on IBC symptoms target women in various SEP and race/ethnicity groups.
Introduction
Inflammatory breast cancer (IBC), a rare and aggressive form of the disease, has been shown to have worse survival than other types of breast cancer (BC), even after adjustment for numerous individual and tumor characteristics as well as treatment [1] [2] [3] [4] [5] [6] [7] . In clinical trials of neoadjuvant chemotherapy, IBC had worse prognosis than stage III non-IBC both for increased loco-regional and distant recurrence rates and overall survival [8] .
Although a few hospital and population-based studies have examined IBC survival by patient and tumor characteristics [2, 4, 5, 7, [9] [10] [11] [12] , only one population based study examined IBC survival by socioeconomic position (SEP) and race/ethnicity [11] . This study included 935 incident cases of IBC (1998) (1999) (2000) (2001) (2002) in the Florida Cancer Data System. The authors reported African American IBC cases had lower median survival than White IBC cases and also noted longer median survival for patients living in more affluent areas as classified by percentage of population living under the federal poverty line. However, this study only examined community poverty level and insurance status in addition to race/ethnicity as measures of SEP, and was limited to cases diagnosed in Florida, so may not be representative of IBC cases from across the United States [11] . Furthermore, hormone receptor (HR) status was not available, so the authors were unable to adjust their results for this important prognostic factor [11] .
As IBC cases appear to have worse survival even after adjustment for individual, tumor, and treatment characteristics, this study sought to detect potential differences in stage III and IV IBC and non-IBC survival by SEP and metropolitan (metro) versus non-metro residence in the United States (US) Surveillance, Epidemiology, and End Results (SEER) database linked to 1990 and 2000 census derived county attributes. Examining IBC and non-IBC survival by SEP and area of residence will aid in elucidating factors associated with the survival difference and thus, this study has important implications for the targeting of BC education and health care resources.
Methods

Data source
The SEER 17 Registries database linked to 1990 and 2000 US county attributes was utilized for this analysis [13] . The US SEER database covers approximately 28 % of the US population, including *25 % of Whites, 26 % of African Americans, 41 % of Hispanics, 43 % of American Indians and Alaska Natives, 54 % of Asians, and 71 % of Hawaiian/Pacific Islanders [14] .
Individual-level measures
The outcome variable for this analysis was BC-specific survival in years, stratified by stage and inflammatory status (IBC vs. non-IBC). Cases were followed from date of diagnosis to date of death, loss to follow-up, or December 31, 2008 , if still alive and not lost to follow-up. As IBC is automatically at Stage III B or higher (IV) if metastatic at diagnosis, this analysis was limited to first malignant primary American Joint Committee on Cancer (AJCC) Stage III and IV IBC and non-IBC in women aged 18? years [15] . In order to be certain all IBC cases were captured, a comprehensive case definition was used where a BC case having any one of the following codes assigned to the SEER*stat (version 7.0.5, National Cancer Institute, Bethesda, MD) variables below was classified as IBC, while all other cases were considered non-IBC [2, 4, 6, 7, 16, 17] • 70: ''Inflammatory carcinoma, including diffuse (beyond that directly overlying the tumor) dermal lymphatic permeation or infiltration.''
Other individual variables included in the analysis were age at diagnosis (analyzed as continuous), race/ethnicity (Non-Hispanic White (NH White), African American, Hispanic White, Asian/Pacific Islander (API), and American Indian/Alaska Native (AI/AN)), HR status, grade, receipt of surgery at primary BC site (yes/no), and receipt of any type of radiation therapy as part of the initial treatment plan (yes/no). Cases that were estrogen and/or progesterone receptor positive were classified as hormone receptor positive (HRP), while cases not testing positive for either of these HRs were considered hormone receptor negative (HRN). Estrogen and progesterone receptor status was determined by assay results in the medical record abstracted by SEER registries. In cases where assay results were reported for more than one tumor specimen, the highest value was recorded (if any sample is positive, the receptor is recorded as positive). SEER abstractors record assay results from tumor specimens prior to receipt of neoadjuvant therapy, although if not available, post-treatment results are reported. Cases where either assay was not ordered or performed, borderline and undetermined whether positive or negative, ordered-results not in chart, or where there was no documentation/information in the patient record were excluded [22] . Grade was dichotomized into low grade (well differentiated grade I and moderately differentiated grade II tumors) vs. high grade tumors (poorly differentiated grade III and undifferentiated; anaplastic grade IV tumors).
County-level measures
Three county-level measures of SEP derived from the 1990 and 2000 US censuses were used in this analysis [23] . For both the 1990 and 2000 census, the percent of persons below the poverty level within a county was dichotomized to \20 % vs. C20 %. The 1990 poverty level and census result was applied to all cases diagnosed from 1990 to 1999, while the 2000 poverty level and census result was applied to cases diagnosed from 2000-2008.
SEP variation in survival was further examined in the subset of cases diagnosed from 2000 to 2008 by an index combining the percent of persons below the poverty level and the percent of persons who did not graduate from high school. The percent of adults greater than 25 years of age within a county who did not graduate from high school (based on 2000 US Census results) was divided into quartiles based on the distribution of the variable across all counties in the US using the SEER county attributes database [24] . These high school quartiles were then combined with the poverty variable to create high and lower SEP categories as follows: high SEP = \10.00 % poverty and B15.99 % less than high school graduate, Lower SEP = C10 % poverty and [15.99 % less than high school graduate. This dichotomized index is based on one previously used to examine IBC incidence and BC survival [17, 25] .
BC survival by metro versus non-metro area of residence was also examined in the subset of cases diagnosed from 2000 to 2008. As in previous analyses, rural-urban continuum codes (RUCC) codes 1-3 (counties in metro areas of 1 million to fewer than 250,000) were defined as metro counties, while codes 4-9 (urban population of 20,000 or more, adjacent to a metro area to completely rural or \2,500 urban population, not adjacent to a metro area) defined non-metro counties [17, [25] [26] [27] [28] .
Statistical analysis
Breast cancer specific (BCS) survival stratified on inflammatory status and stage was examined through use of the Kaplan-Meier estimator to compare survival curves by county-level SEP variables, with the log-rank test used to detect differences between the survival curves. Separate proportional hazards models were fit for each of the three county-level SEP variables, stratified by inflammatory status and stage, in order to determine if the hazard of death from IBC as well as non-IBC differs by county-level SEP. All models were adjusted for age at diagnosis, race/ethnicity, HR status, tumor grade, and receipt of surgery and/ or radiation. An alpha level B0.05 was used to determine statistical significance. Proportionality of the hazard curves was assessed by examining log (-log S(t)) against log t plots. Analyses were conducted using SAS 9.3 (SAS Institute, Cary, NC).
Results
76,644
Stage III and IV first malignant primary BCs diagnosed between 1990 and 2008 were available for this analysis. Six cases were excluded due to missing countylevel information, 314 due to missing race/ethnicity, 13,827 due to missing HR status, 8,317 due to missing grade, 359 due to missing surgery information, and 2,148 due to missing radiation information, leaving 5,526 IBC and 46,147 non-IBC cases. Table 1 For cases diagnosed from 1990 to 2008, the median BCS survival for stage III IBC was 4.75 years (range: 0-18.8 years), while the median BCS survival for stage III non-IBC was much higher (13.4 years, range: 0-18.9 years), with the log-rank test indicating significant differences between the survival curves between stage III IBC and non-IBC (p \ 0.0001). The median BCS survival for both stage IV IBC and non-IBC were much lower (1.75 years, range: 0-15.7 and 2.3 years, range: 0-18.9, respectively), with the log-rank test indicating significant differences between the survival curves of stage IV IBC and non-IBC as well (p \ 0.0001).
The Kaplan-Meier survival curves (Figs. 1, 2, 3, 4) generally showed non-IBC cases residing in low poverty, high SEP, metro counties had better overall survival, with survival differences between IBC and non-IBC and SEP groups appearing to be larger for stage III cancers. Logrank test statistics indicated significant survival differences (p \ 0.0001) between the survival curves shown on each figure. The median BCS survival for stage III IBC cases residing in metro counties was 5.5 years (range: 0-8.9 years), while median BCS survival for stage III IBC cases in non-metro counties was 5.9 years (range: 0-8.9 years). The median survival time for stage III non-IBC cases for both SEP groups had not been reached and therefore not estimated (range for both groups: 0-8.9 years). The median BCS survival for stage IV IBC cases residing in metro counties was 1.8 years (range: 0-8.75 years), while median BCS survival for stage IV IBC cases residing in non-metro counties was 2.3 years (range: 0-6.75 years). The corresponding values for non-IBC were 2.5 years (range: 0-8.9 years) and 2.2 years (range: 0-8.9 years), respectively (metro vs. non-metro Kaplan-Meier survival curves not shown). Table 2 shows the Cox proportional hazards regression results for the hazard of BC death by inflammatory status, stage, and county-level percent below poverty. In general, residing in a county with C20 % persons below the poverty level appeared to increase the hazard of death, though the results were statistically significant only for stage III and IV non-IBC. Cases older in age and of African American race/ethnicity (as compared to NH White) also experienced a significantly higher hazard of death regardless of stage or inflammatory status. There was no significant difference in the Hispanic white, API, and AI/AN race/ethnicity groups hazard of death as compared to NH Whites, except among stage III non-IBC AI/AN cases (HR = 1.40, 95 % CI = 1.06-1.86). High grade and HRN cancers both carried a significantly elevated hazard of death, while not receiving surgery at the BC site and not receiving radiation as part of the first course of treatment both elevated the hazard of BC death, though the radiation result was not significant among stage IV IBC cases. Table 3 shows the Cox proportional hazards regression results for the hazard of BC death by inflammatory status, stage, and the county-level poverty-high school index for the subset of cases diagnosed between 2000 and 2008. The only group for which residing in a lower SEP county increased the hazard of death significantly was among stage III non-IBC cases. Similar to the results for percent below poverty, cases older in age and of African American race/ethnicity had a significantly higher hazard of death regardless of stage or inflammatory status, with no significant difference in the hazard of death for the other race/ ethnicity groups. Having HRN cancer, high grade cancer, not receiving surgery at the BC site, and not receiving radiation as part of the first course of treatment all significantly increased the hazard of death, though the radiation result was not significant among stage IV IBC cases. Table 4 shows the Cox proportional hazards regression results for the hazard of BC death by inflammatory status, stage, and metro vs. non-metro county of residence for the subset of cases diagnosed between 2000 and 2008. Although residing in a non-metro county appeared to increase the hazard of BC death, the result was significant only for stage III and IV non-IBC. Similar to the results for the other two county-level SEP measures, cases older in age and of African American race/ethnicity had a significantly higher hazard of death regardless of stage or inflammatory status, with no significant difference between the hazard of death for the other race/ethnicity groups. Also similar to previous results, having HRN cancer, high grade cancer, not receiving surgery at the BC site, and not receiving radiation as part of the first course of treatment all significantly increased the hazard of death, except for stage IV IBC cases.
Discussion
Similar to the Yang et al. [11] study, this analysis showed that while unadjusted median survival generally appeared to be lower for those residing in lower SEP counties, after adjustment for age at diagnosis, race/ethnicity, tumor, and treatment characteristics, these survival differences were not significant for IBC. This analysis also similarly found that African American race/ethnicity was an independent predictor of the hazard of BC death for all cases [11] . IBC is a rare disease, comprising *2 % of all BC in the SEER database [2, 4] , and is difficult to detect using standard mammography techniques [29] [30] [31] . It is therefore possible that, regardless of SEP, women and their health care providers tend to know less about this disease, and therefore it may be undetected and/or untreated for longer intervals in all SEP groups. In this regard, non-IBC cancers may be more likely to be detected earlier leading to a diagnostic biopsy and treatment. Therefore, women residing in lower SEP and more rural counties may experience a diagnostic and treatment delay leading to worse non-IBC survival if they have less access to health care. For example, in addition to less receipt of surgery, lower income, less educated women as well as those without private insurance are less likely to receive breast conserving surgery and more likely to receive mastectomies than their higher SEP counterparts [32] [33] [34] . Furthermore, a recent study examining receipt of adjuvant chemotherapy and hormonal therapy adhering to National Comprehensive Cancer Network Clinical Practice Guidelines among women with loco-regional BC found lack of insurance and residence in high poverty and/or low education areas was associated with receipt of non-guideline chemotherapy regimens, while living in a high poverty area was associated with receipt of non-guideline hormonal therapy [35] . It should also be noted only stage III and IV cancers are examined in this analysis. SEP may play a more important role in earlier stage survival due to its association with early detection and treatment. Furthermore, most recent studies suggest IBC is a distinct biologic entity from other BCs, with these biologic differences likely contributing to poorer IBC survival [6, 7, [36] [37] [38] [39] [40] [41] [42] [43] . For instance, typical characteristics of IBC include wide dissemination of tumor cells throughout the breast and associated dermal lymphatics leading to acute onset of clinical signs such as erythema, edema, and breast tenderness and/or pain, as compared to most non-advanced non-IBC's which do not usually carry these same symptoms [9] . Other IBC histologic/biologic features such as tumors that are rapidly progressive, highly angiogenic and angioinvasive and of high histologic grade with atypical mitotic figures, likely lead to IBC's propensity for metastasis and otherwise worse prognosis than non-IBC tumors [39] .
As in this analysis, African Americans have previously been found to have worse BC and specifically, IBC survival [4, 5, [44] [45] [46] . Interestingly, the effect of African American race/ethnicity on poorer survival held even after adjustment for county-level SEP, age at diagnosis, tumor and treatment characteristics. Some previous studies have shown the effect of African American race/ethnicity on BC survival is largely eliminated after adjustment for SEP, while others have shown the effect is independent of certain SEP measures [44, [46] [47] [48] [49] . A 2002 study of BC cases in the Metro Detroit SEER registry linked to Michigan Medicaid enrollment files found that after adjustment for age at diagnosis, marital status, stage, Medicaid enrollment, census tract percent below poverty, and surgery type, being African American was no longer associated with poorer survival as compared to White women [49] . However, a 2002 meta-analysis of 14 studies found African American race/ethnicity was an independent predictor of BC mortality after adjustment for SEP, stage, and age at diagnosis [46] . SEP encompasses a large array of characteristics, some easily measured and accounted for and others which can only readily be analyzed through proxy measures. It is possible this analysis does not use the SEP measure(s) most associated with IBC and African American race/ethnicity [50] . Furthermore, the poverty level cut-point and poverty-high school index used in this analysis have been used in previous studies of cancer survival, with areas having C20 % poverty generally considered ''poverty areas'' in census publications [25, [51] [52] [53] . Numerous studies have found African American women are more often diagnosed with adverse prognostic characteristics, such as diagnosis at later stage, younger age, and having tumors that are more likely to be estrogen receptor negative and high grade [54] [55] [56] [57] [58] [59] [60] [61] [62] . While these characteristics are correlated with the inferior survival seen in African American women, it is also likely that SEP-related factors, such as reproductive history, diet, physical activity, medical co-morbidities, and access to BC screening and treatment also play an important role [46] .
No studies have examined IBC vs. non-IBC BCS survival by SEP in a nation-wide, population based tumor registry. A major strength of this study is the use of the SEER database linked to 1990 and 2000 US census derived county-level attributes. The SEER program is considered to be the ''gold'' standard for data quality worldwide, with rigorous quality control, reliability, and completeness of data recorded timely and uniformly [63] . As IBC is a rare form of BC, the SEER data linked to county attributes offers a unique opportunity to examine IBC survival stratified on county-level SEP characteristics, as well as other tumor and treatment characteristics included in the database. Furthermore, as the SEER program oversamples US minority groups, analyses are also able to be stratified on multiple race/ethnicity groups [14] .
Another strength of this study is the use of a comprehensive IBC case definition. IBC is primarily a clinical diagnosis [29-31, 64, 65] . Previous studies have used only the ICD-O 8530 histology code to identify IBC cases, which does not consider clinical skin changes and is not consistent with current AJCC staging guidelines [2, 5, 66, 67] . In this analysis, we used SEER EOD codes for cases prior to 2004 as well as the SEER derived AJCC staging for cases 2004 forward in order to help ensure cases meeting AJCC staging clinical criteria are included, as previous studies using only the ICD-O histologic code 8530 may have underestimated the number of IBC cases [2, 5, 66, 67] . This study has several limitations which should be noted. As the SEER database does not contain information on chemotherapy or hormonal treatment, we were unable to adjust for these important prognostic factors. It is also likely that changes in treatment over time have improved survival for those more recently diagnosed. Major advances in chemotherapy, surgery, and radiotherapy have been implemented during the period from 1990 to 2008 encompassing our analysis [29-31, 64, 65, 68] . However, it is unknown how quickly each of these therapies have been implemented in the community setting. The sub-analysis from 2000-2008 examining the poverty-high school index and metro versus non-metro residence had similar results to the poverty analysis and involved a shorter time period, and thus is less likely to be affected by secular treatment trends. Furthermore, the SEER program is considered to accurately represent the US cancer population treated in various academic and community settings across the country, and therefore can provide an overall picture of BC survival in the US [69] .
Another limitation of this study is the inherent ecologic bias when county-level SEP is interpreted as individuallevel SEP. An individual's SEP may have a different effect on BC survival than that seen for county-level SEP measures [70] . Therefore, these results are better viewed as the effect of residing in a county with a particular SEP measure on BCS survival rather than that of an individual's SEP. However, a previous study found census-level SEP measures have a similar association with individual-level health outcomes as individual SEP [71] .
In conclusion, our results indicate IBC has worse survival than non-IBC, most pronounced for stage III cancers, and that residing in a lower SEP, non-metro county may worsen BCS survival, though this result was only significant for non-IBC in multivariate proportional hazards models. African Americans appear to have worse BCS survival regardless of inflammatory status, stage, countylevel SEP, tumor, or treatment characteristics. Future research should examine multiple SEP measures and indices, both at the individual and community level, in order to better elucidate potential relationships between SEP and BC survival that will greatly aid in the targeting of BC, and specifically IBC, education, screening, and treatment programs. As this analysis and others have found generally poorer survival for IBC, regardless of SEP or race/ethnicity, it is important that IBC education interventions target women in various SEP and race/ethnicity groups. Finally, as this study and others indicate that African Americans experience poorer BC survival, programs designed specifically for African American women would be especially helpful.
Note: This study includes the essential elements of the REMARK guidelines for reporting of tumor marker studies in breast cancer research [72] .
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